Tissue age, concentrations of extracted nonstructural carbon (NSC), and the 14C age of extracted NSC, for roots and branches of a white pine and a red oak tree
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Sugar and starch concentration data for white pine and red oak Table S2 Radiocarbon data for white pine and red oak Table S3 Tissue age, concentrations of extracted nonstructural carbon (NSC), and the 14C age of extracted NSC, for roots and branches of a white pine and a red oak tree Table S4 Woody biomass and nonstructural carbon (NSC) content in the stemwood of a white pine and red oak tree Table S5 Woody biomass and nonstructural carbon (NSC) content in the root system of a white pine and red oak tree Table S6 Woody biomass and nonstructural carbon (NSC) content in the branches of a white pine and red oak tree.
Methods S1 Uncertainty of radiocarbon measurements.
Methods S2 Allometric scaling from nonstructural carbon (NSC) concentrations to whole-tree budgets, and uncertainty characterization. 44.8 ± 1.0 12.7 ± 1.6 Stemwood, 1 m height, 4 yr ring 39.9 ± 1.5 7.9 ± 1.5 Stemwood, 1 m height, 5 yr ring 37.0 ± 1.3 6.9 ± 1.6 Stemwood, 1 m height, 6 yr ring 38.2 ± 0.5 5.3 ± 1.0 Stemwood, 1 m height, 7 yr ring 33.7 ± 1.0 2.8 ± 0.5 Stemwood, 1 m height, 8 yr ring 10.4 ± 0.4 1.8 ± 0.8 Stemwood, 1 m height, 9 yr ring 4.9 ± 0.7 1.8 ± 1.1 Stemwood, 1 m height, 10 yr ring 5.4 ± 2.5 2.7 ± 0.9 Stemwood, 1 m height, 11 yr ring 10.9 ± 0.8 3.0 ± 1.1 Stemwood, 1 m height, 12 yr ring 8.7 ± 1.4 2.4 ± 1.5 Stemwood, 1 m height, 13 yr ring 14.8 ± 5.0 4.9 ± 1.7 Stemwood, 1 m height, 14 yr ring 7.9 ± 1.0 2.9 ± 0.6 Stemwood, 1 m height, 15 yr ring 9.2 ± 3.0 5.6 ± 0. Note: Values are mean ± 1 SD, where both are calculated across the three separate wells run on the plate reader for each extraction. Note: ∆ 14 C was measured at the W.M. Keck Carbon Cycle Accelerator Mass Spectrometry facility at UC Irvine. For convenience, we also report the corresponding value in Fraction Modern notation. Reported uncertainties are ± 1 SD of the analytical uncertainty as described in Methods S1.
14 C data were converted to age estimates using the bomb spike method as described in Methods. The reported age range is based on the analytical uncertainty. Asterisks denote samples for which multiple extractions were run independently. Note: For all roots, tissue age was determined by 14 C analysis of extracted cellulose. For large coarse roots, D1-D3 denote root wood tissues of varying depth, from the youngest (most recently formed, or outermost = D1) to the oldest (D3) wood. Uncertainties represent 1 SD of the analytical uncertainty of the AMS measurements (see Methods S1). Note: Biomass is reported in terms of oven-dry wood. NSC is reported in g of sugars and starch.
Methods S1 Uncertainty of radiocarbon measurements.
We assessed the uncertainty in the 14 C measurements in several ways. First, there is an analytical uncertainty (1 SD) determined for each sample run on the AMS. This is derived based on counting statistics and the analytical reproducibility of the primary standards (Oxalic acid standard OXI) run with each wheel (Stuiver et al., 1977) . For the samples analyzed here, the average uncertainty (mean ±1 SD) in measured ∆ 14 C is 2.5 ±0.5‰ (n = 82). Over the last 5 y, the mean rate of decline in atmospheric 14 C has been 3.7‰ per year. Thus, the AMS uncertainty translates to an uncertainty of about 0.6 ±0.2 y in 14 C-based age estimates.
Second, secondary standards were run with each wheel. For our samples, we measured a mean (±1 SD) ∆ 14 C value of 489.5 ±3.6‰ (n = 4) for ANU sucrose (IAEA C-6), which corresponds to 1.5010 ±0.0037 in Fraction Modern notation, and which compares favorably to the published (Xu et al., 2010) long-term mean (±1 SE) value measured at UCI of 1.5016 ±0.0002
(approximately 490.0‰, when back-corrected to 2014 from Fraction Modern).
Third, to evaluate our extraction method, we compared the ∆ 14 C of sugars and starch extracted from rye and wheat standards with the ∆ 14 C of bulk tissue for these same standards.
For both sugars (∆∆ 14 C = 0.8 ± 3.7‰, n = 6) and starch (∆∆ 14 C = -2.6 ± 2.4‰), the deviations are essentially within the AMS analytical uncertainty. We also did the same for sugars extracted from our annual plant samples (∆∆ 14 C = 0.3 ± 2.2‰, n = 3), confirming the results for rye and wheat.
Finally, for some of our starch samples, we conducted multiple extractions and ran these separately on the AMS. Relative to the multi-sample mean for a given tissue, these had a standard deviation of ±5.8‰ (n = 37). Note that this value incorporates uncertainty due to natural variability among samples and also uncertainty associated with the extraction procedure, as well as the inherent AMS analytical uncertainty. As a conservative estimate of overall uncertainty, this is about equal to 1.5 times the annual decline in atmospheric 14 C in recent years.
Also, we remind the reader that the measured 14 C age is the mean age of C in that sample. A given sample with a radiocarbon age of x years could have all been fixed from the atmosphere x years previously. Alternatively, the same radiocarbon age could be measured from a sample that is comprised partially of carbon with an age of x years, as well as some carbon which is (much) older, and some carbon which is (much) younger. We acknowledge that the method cannot distinguish between these scenarios.
budgets, and uncertainty characterization.
Allometric Scaling
Following Jenkins et al. (2004) , we calculated total above-ground biomass, B (kg), as a function of DBH (cm):
From their Table 1 , we used generic pine species (Pinus spp.) parameters for the white pine ( 0 = -2.5356,  1 = 2.4349), and generic hardwood species (designated "maple/oak/hickory/beech") parameters ( 0 = -2.4800,  1 = 2.4835) for the red oak, to calculate B.
In Jenkins et al. (2004) , B includes foliage, stemwood, bark, and branches. We calculated the fraction (f) of B corresponding to each of the first three components, using values of  0 and  1 from their Table 2 , as:
For example, for the pine, we used  0 = -0.3737 and  1 = -1.8055 to determine the stemwood fraction. Given that the tree we sampled had DBH = 18.5 cm, we estimated the stemwood fraction to be 0.624 of B. By a similar calculation, we estimated the stemwood fraction of the oak ( 0 = -0.3065 and  1 = -5.4240; DBH = 17.0 cm) to be 0.535.
We determined the branch fraction by difference, i.e.:
This gave us values for f branch of 0.19 for the pine and 0.33 for the oak. To partition branch biomass to current-year and multi-year growth, we assumed that the ratio of (current year branch wood)/(total branch wood) was the same as (current year stemwood)/(total stemwood). By this estimate, current year branch wood accounted for 8% of the total branch wood for the pine, and 14% of the total branch wood for the oak. (1) assuming that fine roots were an additional 5% of coarse root biomass; (2) assuming that fine roots were an additional 15% of coarse root biomass; and (2) assuming that fine roots were an additional 30% of coarse root biomass.
Uncertainty characterization
As acknowledged already, our analysis was based on allometric equations for generic pine species and generic hardwood species. We did this because Jenkins et al. (2004) did not consistently report species-specific regression coefficients by which to partition total tree biomass to above-and below-ground biomass components for the tree species we focused on here, in our geographic region.
That said, we used the data in Jenkins et al. (2004) to characterize the uncertainty in allometric scaling for the specific species of interest. Across six pine studies in Jenkins et al. (2004) , the mean above-ground biomass of a 20 cm pine is estimated to be 91 ±28 kg (mean ±1 SD), compared with 116 kg based on the generic pine equation we used. Thus, we may be overestimating biomass (and hence NSC pool sizes, which scale with biomass) by about 25%. In those studies that reported it, the branch fraction is 0.17 ±0.5, which is close to the value we used (0.19); the coarse root fraction is 0.22 (one study), identical to the value we used. Based on this analysis, we conclude that for pine the main source of uncertainty is total biomass, rather than partitioning to different biomass components.
For seven oak studies in Jenkins et al. (2004) , the mean above-ground biomass of a 20 cm oak is estimated to be 217 ±41 kg (mean ±1 SD), compared with 196 kg based on the generic hardwood equation we used. Thus, we may be under-estimating tree biomass by about 5-10%.
In those studies that reported it, the branch fraction is 0.19 ±0.10, which is 40% lower than the value we used (0.33). There are no published allometric equations for oak root biomass.
Therefore, in contrast to pine, for oak the main source of uncertainty in this analysis is the partitioning to different biomass components.
